ABSTRACT: Cowpea [Vigna unguiculata (L.) Walp.] is one of the most widely adapted grain legumes in hot regions of Africa, Asia and the Americas. In the semiarid Northeast of Brazil, it is the main subsistence crop, an excellent protein source of low cost, for the poor population. The objective of this work was to estimate genetic parameters to understand the inheritance of seed sizes in cowpea. The parents P 1 and P 2 and the generations, F 1 , F 2 , BC 1 and BC 2 of the cross TVx5058-09C X Manteiguinha formed the genetic material for this study. These six generates (P 1 , P 2 , F 1 , F 2 , BC 1 and BC) were evaluated in a completely randomized blockdesign with six replications, in Teresina -PI, Brazil, in 1998. The genetic parameters estimated were: phenotypic and total genetic variance, additive and dominance genetic components of variance and the variance attributed to the environment, heritability in the broad and narrow senses, average degree of dominance and the number of genes controlling the character. The additive -dominance model fitted the data for 100-seeds weight in as much as the midparental value and the additive effect were the more important genetic parameters for the determination of this character. The number of genes that control its expression is five. The occurrence of high values for narrow sense heritability indicates that the selection for seed size can be made in early generations. Key words: Vigna unguiculata, 100-seed weight, inheritance, gene effect
INTRODUCTION
Cowpea is prominent among grain legumes grown in northeastern Brazil, since it is an excellent source of low-cost protein and a basic food for the poorer groups of the population. It is one of the main subsistence crops in the region, because of its good adaptability to the edaphic-climatic conditions, low soil fertility requirements and presents natural capability of fixing atmospheric nitrogen through symbiosis with bacteria of the genus Bradyrhizobium.
Seed size in cowpeas is important because it directly influences productivity and, together with color standards, determines grain quality for commercialization. The existing variation for seed size ranges between less than 10 g per 100 seeds and approximately 30 g (Ehlers & Hall, 1997) . In that respect, the consumer market in the northeast shows preference for a seed standard from medium to large (15 to 25 g), with a minimum tolerance limit that varies from state to state (Araújo, 1988) . It is therefore understandable that knowledge about the genetic factors responsible for the inheritance of this character is essential for breeding programs which present great genetic variability in germplasm collections of the species. However, information is insufficient and has produced contradictory results with regard to the type of genetic action and the number of genes that control the character. Therefore, the objective of the present work was to estimate genetic parameters that could explain heritability for seed size in cowpea.
MATERIAL AND METHODS
The two cowpea genotypes utilized in the crosses were: TVx 5058-09C (P 1 ) and Manteiguinha (P 2 ), both from at the Embrapa Meio-Norte germplasm collection, and selected because of their contrasting 100-seed mean weights, around 16 and 5 grams, respectively. Crosses were performed. In Teresina, Piauí, inside a shade house and in two stages; in the first stage the fixed generations P 1 , P 2 and F 1 (P 1 xP 2 ) were obtained, while the segregating generations F 2 (F 1 xF 1 ), BC 1 (P 1 xF 1 ) and BC 2 (P 2 xF 1 ) were obtained in the second.
In March, 1998, the six populations were established in the field. The experimental design was set up as random blocks with six replicates. The plots consisted of a 3.0 m row for parents and the F 1 generation, three 3.0 m rows for generations BC1 and BC2, and six 3.0 m rows for the F 2 generation, with plants spaced 0.80 m x 0.30 m.
Seed size observations were accomplished by determining the mean weight for 100 seeds, assessed in eight competitive plants from each row. The genetic studies based on means and variances, obtained from individuals in populations P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 , were performed according to methodology presented in Mather & Jinks (1984) and Cruz & Regazzi (1994) , using the GENES software (Cruz, 1997) .
The parameters estimated were mean (m), additive variance (a), variance due to dominance (d), additive x additive epistatic variance (aa), additive x dominant epistatic variance (ad), and dominant x dominant epistatic variance (dd). Estimates were based on population means, from the complete model, and were calculated through the weighted least squares method, since the means for the six populations were not obtained with the same precision. The variance associated to each parameter was obtained by applying the properties of the variance, under the assumption that the population means are independent. After evaluating the null hypothesis significance for each of these parameters (t test), those that were not different from zero were eliminated and then the additive-dominance simplified genetic model was utilized. Parameters m, a and d were again estimated by the weighted least squares method and evaluated as to their significance.
The simplified model was fitted by quantifying the coefficient of determination (R 2 ), which compares observed means against estimated values. The sum of squares for the parameters associated to this model was decomposed into sums of squares attributed to each individual parameter, adjusted for all other effects by the Gauss Elimination Method.
The variance estimates attributed to environment, total genetic, additive and dominance deviation effects were obtained from the phenotypic variances for populations P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 . These estimates allowed the determination of heritabilities in the broad and narrow sense, mean degree of dominance and minimum number of genes that control each character, by using Burton's (1951) expression.
RESULTS AND DISCUSSION
Great contrast occurred between the parental genotypes (Table 1) , reducing the possibility of flaws in the estimates of parameters (Cruz & Regazzi, 1994) . The means of generations F 1 and F 2 are similar and intermediate relative to the parental mean, demonstrating that the type of allelic interaction predominant between the genes that condition variability in cowpea seed weight is additive.
Only the mean (m) and the additive genetic effect (a) were significant by the t test, (P<0.05) ( Table 2) . Evaluating two crosses (Umaharan et al., 1997) , adjusted the 100-seed weight data for one of them to the additivedominance model, and to the complete model for the other.
The contribution of additive effect genes relative to dominance genes toward cowpea seed weight was expressive, characterizing an additive allelic interaction (Table 2 ). This result is crucial for breeding programs. When an additive allelic interaction is predominant, selection is facilitated, because superior individuals will produce superior descent. Similar results were obtained by Sène (1968) , Ogunbodede & Fatunla (1985) and Shakarad et al. (1995) , for Vigna unguiculata. Rahman & Saad (2000) also found a positive and significant additive genetic effect for seed weight in four crosses of Vigna sesquipedalis.
Even though the decomposition of the sum of squares of the parameters by the Gauss Elimination Method is not orthogonal (Table 3) , the measure denoted by R 2 can be utilized to give an idea about the importance of a particular genetic effect for the available variability of the character being studied (Cruz & Regazzi, 1994) . The additive-dominance model is sufficient to explain the behavior of the mean for the generations. The genetic variability present in F 2 resulted exclusively from the additive genetic effects, since the dominance deviations were null. These results confirm those presented in Table 2 . The model-fitting evaluation was performed by the correlation between observed means and estimated values, by using the equation β χ γ χ= , according to Cruz & Regazzi (1994) . The additive-dominance model allows predicted means that correlate with observed means to be obtained at a 100% magnitude, which is equivalent to a 100% determination (Table 4) .
The estimates of phenotypic, genotypic, additive, dominance and environment variances, of heritabilities in the broad and narrow senses, of the mean degree of dominance and the number of genes that control the 100-seed weight in cowpea were also calculated. The largest part of the observed variation is genetic in nature (3.38), with additive variance (2.96), which corresponds to 87.57%, as its most important component (Table 5) . Dominance variance (0.42), corresponding to 12.43%, was the parameter contributing the least toward phenotypic variance. It is possible to obtain superior materials by selecting from F 2 -derived populations, and the gain during the selection cycles could be satisfactory, since the additive-nature component shows higher magnitude (Sène, 1968; Shakarad et al., 1995) . Additive variance, which depends only on the contribution from homozygotes and can be fixed by selection, is the most important component in gain prediction expressions (Ramalho et al., 1993) . Teófilo et al. (1984) , whose estimates of genetic variance components were obtained according to methodology by Hayman (1954), Ogunbodede & Fatunla (1985) and Umaharan et al. (1997) , also found that the additive genetic variance was the main component of genetic variance. Biradar et al. (1994) estimated dominance components that were higher than the additive genetic variance components.
The estimated values for heritability in the broad and narrow senses were 68.46% and 59.87%, respectively. This represents the percentage of total variation for population F 2 attributed to genetic causes and to additivenature genetic causes. Therefore, if the environment influence is smaller than the genetic influence on the total variation of the 100-seed weight, the possibility of obtaining a satisfactory selection gain becomes evident. The estimated coefficients of heritability are within the limits found in the literature (Aryeetey & Laing, 1973; Bordia et al., 1973; Kheradnam & Niknejad, 1974; Bhowal, 1976; Drabo et al., 1984; Teófilo et al., 1984; Biradar et al., 1993; Sawant, 1994; Rocha et al., 1995; Umaharan et al., 1997; Lopes et al., 2001 ). ) and means variance ( ) ( x V ) for 100-seed weight in six genetic populations (P 1 , P 2 , F 1 , F 2 , BC 1 e BC 2 ) for cowpea (Vigna unguiculata (L.) Walp.). Table 3 -Analysis of variance showing that decomposition is not orthogonal of the sum of squares of the genetics parameters (m, a, d) by the Gauss Elimination Method for 100-seed weight in six genetic populations (P 1 , P 2 , F 1 , F 2 , BC 1 e BC 2 ) for cowpea. 1 m = mid-parental value; a = additive effect; d = dominance effect. Table 4 -Observed means (Y obs.) and estimated means (Y est.) for 100-seed weight in six genetic populations (P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 ) for cowpea.
The mean degree of dominance (0.54) demonstrates the partial dominance of large seeds over small; F 2 generation individuals lean toward larger-seed parents. The occurrence of partial dominance for this character was also observed by Teófilo et al. (1984) and Umaharan et al. (1997) . The positive sign of the estimate indicates that the dominance deviations provided by the intra-allelic interactions between the genes that control the character are possibly unidirectional, i.e., the sum of deviations leans toward the phenotypic manifestation represented by larger seeds. Similar results were found by Biradar et al. (1993) and Sawant (1994) . Aryeetey & Laing (1973) and Bhowal (1976) observed dominance of small seeds over large ones.
The value for the mean degree of dominance shows that the character seed weight is controlled by genes that have a predominance of additive effects and, even though some dominance effect may also occur, it means that cowpea seed size can be improved by selection. Teófilo et al. (1984) found a null value for the number of pairs of dominant genes that control the 100-seed weight in cowpea. This could have occurred because of the absence of main genes, or the genes cancelled out mutually because they had different signs.
There were five genes involved in the inheritance of the character studied. Bhowal (1976) found four pairs of genes and Aryeetey & Laing (1973) found ten pairs. Sène (1968) estimated as six the number of pairs of genes concentrated in the large-seed parental, and that each gene contributed to a 1.1 g increase in the 100-grain weight. Even though the expression utilized for obtaining an estimate of the number of genes or genetic blocks is based on a series of assumptions, this estimate is useful as indicator of the polygenic nature of the character studied, and in determining the probability of obtaining a genotype in a segregating population. 
